T cells, or cytotoxic chemotherapy often resulted in short-term remissions, they were not curative. Hematopoietic stem cell transplantation was often curative for CAEBV, even in patients with active lymphoproliferative disease that was unresponsive to chemotherapy. These studies are registered at http://www.clinicaltrials-.gov as NCT00032513 for CAEBV, NCT00062868 and NCT00058812 for EBVspecific T-cell studies, and NCT00578539 for the hematopoietic stem cell transplantation protocol. (Blood. 2011;117(22) : 5835-5849)
Chronic active EBV disease (CAEBV) is a lymphoproliferative disorder characterized by markedly elevated levels of antibody to EBV or EBV DNA in the blood and EBV RNA or protein in lymphocytes in tissues. We present our experience with CAEBV during the last 28 years, including the first 8 cases treated with hematopoietic stem cell transplantation in the United States. Most cases of CAEBV have been reported from Japan. Unlike CAEBV in Japan, where EBV is nearly always found in T or natural killer (NK) cells in tissues, EBV was usually detected in B cells in tissues from our patients. Most patients presented with lymphadenopathy and splenomegaly; fever, hepatitis, and pancytopenia were common. Most patients died of infection or progressive lymphoproliferation. Unlike cases reported from Japan, our patients often showed a progressive loss of B cells and hypogammaglobulinemia. Although patients with CAEBV from Japan have normal or increased numbers of NK cells, many of our patients had reduced NK-cell numbers. Although immunosuppressive agents, rituximab, autologous cytotoxic Introduction Approximately 95% of adults are infected with EBV. Although most infections occur during childhood and are asymptomatic, infection in adolescents or young adults often results in infectious mononucleosis. Mononucleosis often presents with fever, pharyngitis, lymphadenopathy, and splenomegaly. Most patients have an uncomplicated course; however, some develop complications, including upper airway obstruction, rupture of the spleen, neurologic disease, severe hematologic cytopenias, or hepatitis. In most cases these symptoms resolve without sequelae.
Rare persons infected with EBV develop a life-threatening condition termed chronic active EBV disease (CAEBV). [1] [2] [3] [4] Most cases of CAEBV have been reported from Japan. These patients often have some of the complications found in otherwise-healthy patients with acute EBV infection, but unlike healthy patients, these complications persist and progress. These patients have markedly elevated levels of EBV DNA in the blood and viral RNA and proteins in tissues. Most patients present with fever, hepatic dysfunction, splenomegaly, lymphadenopathy, and thrombocytopenia. 2 Other features that appear in Ͼ 10% of patients include hepatomegaly, anemia, hypersensitivity to mosquito bites, rash, oral ulcers, hemophagocytic syndrome, coronary artery aneurysms, liver failure, lymphoma, and interstitial pneumonia. Less common features include uveitis, CNS disease, intestinal perforation, and myocarditis. 5 Although EBV is present in the B cells of healthy persons infected with EBV, in most cases of CAEBV reported in Asians or Native Americans, EBV has been detected in T or natural killer (NK) cells. 2, 6 The virus was present in the B cells of lesions from rare patients with CAEBV in Japan 5 and in the United States. 7 Some patients had defective cytotoxic T-cell (CTLs) 8, 9 or NK-cell 10 activity against EBV-infected cells. Recently, we reported one patient with mutations in both alleles of his perforin gene that impaired maturation of the protein and reduced killing by T cells. 11 At an international workshop, 4 participants concluded that CAEBV should be classified as a B, T, or NK cell in origin, and although the authors of one study compared T-and NK-cell disease, 5 no reports have compared T-and B-cell disease.
Therapy for CAEBV, in the absence of hematopoietic stem cell transplantation (HSCT), is often unsatisfactory and at best transiently delays the progression of disease. Antiviral therapy and immunomodulatory agents usually are ineffective. Corticosteroids or other immunosuppressive agents often reduce symptoms, but over time patients become refractory to therapy, develop progressive immunodeficiency, and usually succumb to opportunistic infections or lymphoproliferative disease. Cytotoxic chemotherapy and autologous EBV specific CTLs are usually unsuccessful. In contrast, allogeneic HSCT has been successful in several cases reported from Japan. [12] [13] [14] We report our experience with 19 patients with CAEBV. Sixteen consecutive patients were followed at the National Institutes of Health (NIH) Clinical Center during the past 28 years, and 3 patients were seen at Baylor College of Medicine. We describe the features of CAEBV in the United States that differ from those cases reported in Japan and report that the only effective therapy in our patients with CAEBV is allogeneic HSCT.
Methods

Entry criteria
CAEBV was defined as (1) a severe progressive illness of Ͼ 6 months' duration usually with fever, lymphadenopathy, and splenomegaly that either began as a primary EBV infection or was associated with markedly elevated antibody titers to EBV viral capsid antigen (VCA Ն 1:5120) or early antigen (Ն 1:640), or markedly elevated EBV DNA in the blood;
(2) infiltration of tissues (eg, lymph nodes, lungs, liver, CNS, bone marrow, eye, skin) with lymphocytes; (3) elevated EBV DNA, RNA, or proteins in affected tissues; and (4) the absence of any other immunosuppressive condition. 2, 15 Our definition is similar to that used in most Japanese studies, 2 but we also required evidence of lymphocytic infiltration (and EBV) in the tissues to ensure that the organ disease was attributable to EBV-infected lymphocytes. This research was approved by Institutional Review Boards at NIH and at Baylor College of Medicine, and all patients or guardians provided written informed consent in accordance with the Declaration of Helsinki. Patient 3, 11 patient 10, 6 and patient 15 16 were reported previously.
Pathology
All cases of CAEBV from the NIH Clinical Center from 1982 until the present (patients 1-8, 10-16) and an additional 4 patients from Baylor College of Medicine in Houston who underwent HSCT (patients 9, [17] [18] [19] were reviewed at the Hematopathology Section of the National Cancer Institute at the NIH. Immunohistochemistry was performed on formalinfixed, paraffin-embedded tissue sections as described previously. 6 In situ hybridization for EBV-encoded RNA-1 (EBER1) was performed on fixed paraffin-embedded sections as previously described with the use of an EBER1 riboprobe. 6 Double staining for EBER1 and CD20 or CD3 was performed with in situ hybridization and then immunohistochemistry. In selected cases, the distribution of EBER1 positivity in T cells versus B cells was inferred by comparison of sequential sections, on the basis of the observed distribution of cells positive for EBER, CD3, and CD20.
Molecular studies were performed by extracting genomic DNA from paraffin-embedded sections. Clonal rearrangements of the IgH genes and the TCR ␥ chain genes were investigated by the use of appropriate primers and PCR as described previously. 6
EBV viral DNA loads
EBV DNA was quantified from peripheral blood lymphocytes of patients 8-11 by the use of serial dilutions of DNA and PCR as described previously. 17 EBV DNA was quantified from PBMCs in patients 12-16 by real-time PCR as described previously. 18 EBV DNA was measured in patients 17-19 by isolating DNA from PBMCs with an anion exchange column followed by real-time PCR as described previously. 19 Serum cytokines (IL-1␤, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10,  IL-12p70, IL-13, IFN␥, GM-CSF, and TNF-␣) were measured by the use of the Multiplex MAP high sensitivity human cytokine panel (Millipore), following the manufacturer's instructions. To account for the multiple cytokine tests that were performed, only P values Ͻ .01 were considered significant.
Serum cytokines and EBV-specific antibodies
To measure EBV-specific antibody responses, fusion proteins were constructed in which EBV genes were fused to the Renilla luciferase gene plasmid vectors pREN3S or pREN2 (see supplemental data, available on the Blood Web site; see the Supplemental Materials link at the top of the online article). Antibodies were measured against latency (EBNA-1, LMP2A), immediate-early (BZLF1), early (BALF1, BHRF1, BMRF1, SM), and late (BCRF1, p18 capsid protein, p23 capsid, protein, gp25, gp350, and gp42) viral proteins. Cos1 cells were transfected with plasmids containing EBV-luciferase fusion proteins and activity of lysates was determined by measuring light units (LU) with a luminometer. 20 Plasma was diluted 1:10 and 10 L was added to 1 ϫ 10 7 LU of transfected Cos1 cell extract, immunoprecipitations were performed with addition of protein A/G beads, and LU were determined by a plate luminometer. A cutoff threshold limit was derived from the mean value plus 2 SD of background LU. Controls for cytokine and antibody measurements were persons with chronic inflammatory disorders and with chronic fatigue syndrome on protocols approved by the Institutional Review Board at NIH.
Results
Clinical characteristics and pathology of patients with CAEBV
Nineteen patients with CAEBV were evaluated-16 patients at the NIH Clinical Center and 3 at Baylor College of Medicine (Table 1) . Sixty-eight percent were men, and 32% were women. Twelve (63%) were white, 3 (16%) were Asian, 3 (16%) were Hispanic, and 1 (5%) was African American. None of the patients had family histories suggestive of similar disease. The mean age at the onset of disease was 19 years (range, 4-51 years). Eleven had B-cell CAEBV, 3 T-cell CAEBV, 1 had NK-cell CAEBV, and 4 were undetermined. Of the patients with B-cell CAEBV, 4 patients (patients 3, 6, 9, and 11) had a prominent reactive T-cell infiltrate in biopsy sections and fewer numbers of EBER ϩ and CD20 ϩ lymphocytes demonstrating a similar distribution in sequential sections. Many of the patients with EBV in B cells had virus in both CD20 ϩ and CD20 Ϫ B cells on their initial biopsy, and the frequency of CD20 Ϫ B cells increased after rituximab therapy (eg, patient 16, Figure 1 ); the latter would not be sensitive to rituximab.
Patients with T-cell CAEBV were younger at presentation (mean age, 7 years) than those with B-cell disease (mean age, 23 years). Of the 11 patients followed at NIH for at least 5 years who did not undergo HSCT, only one is alive and she has B-cell lymphoproliferative disease resembling posttransplantation lymphoproliferative disease (PTLD). The mean time to death after onset of disease was 6.2 years; this finding was similar in those with T-cell CAEBV and those with B-cell disease. Death was most often because of uncontrolled lymphoproliferative disease or opportunistic infection.
The most common signs and symptoms were lymphadenopathy in 79% of patients, splenomegaly in 68%, fever in 47%, hepatitis in 47%, hypogammaglobulinemia in 44%, pancytopenia in 42%, hematophagocytosis in 32%, hepatomegaly in 32%, interstitial pneumonitis in 26%, central nervous system disease in 21%, and peripheral neuropathy in 21% ( Table 2 ). The most frequent organs involved with EBV ϩ lymphocytes were lymph nodes in 63% of patients, BM in 37%, liver in 26%, spleen in 21%, lung in 21%, and For personal use only. on April 27, 2017. by guest www.bloodjournal.org From skin in 16% ( Figure 2 , Table 3 ). Patients with T-cell CAEBV more often had fever (100% for T-cell vs 45% for B-cell), hepatitis (100% vs 36%), and hepatomegaly (66% vs 27%), whereas patients with B-cell CAEBV more often had hypogammaglobulinemia (55% for B-cell vs 0% for T-cell).
Clonality was determined in tumors from 11 of the patients (Table 3) . Sixty-three percent of patients with B-cell CAEBV had clonal lymphoid proliferations, and 100% of those with T-cell CAEBV had clonal lesions. Thirty-eight percent (3/8) of those with clonal tumors were alive at last follow-up, whereas 67% (2/3) with nonclonal lymphoproliferative lesions were alive at follow-up.
Absence of mutations in cellular genes involved in control of EBV
SAP is mutated in patients with X-linked lymphoproliferative disease; other studies of Japanese patients have shown no evidence of SAP mutations in patients with CAEBV. 2 Because CAEBV shares some of the features of X-linked lymphoproliferative disease, we sequenced genes encoding proteins (SLAM, 2B4, NTB-A) that interact with SAP. In addition we determined the sequence of perforin (because patient 3 was previously reported to have mutations in the gene), 11 as well as granulysin, which like perforin is also present in cytotoxic granules of NK and CTLs. Finally we sequenced X-linked inhibitor of apoptosis protein, For personal use only. on April 27, 2017. by guest www.bloodjournal.org From which has been reported to be mutated in some patients with severe EBV infections. None of the 10 patients tested (patients 2, 6, 7, 8, 9, 10, 12, 13, 14, and 16) had mutations in these genes.
Antibodies to EBV proteins and loss of Igs and B cells in patients with CAEBV evaluated at NIH
Antibody to EBV VCA IgG was elevated to Ն 1:5260 in 53% of those tested; 100% with T-cell CAEBV and 50% with B-cell disease had antibody titers this high (Table 4 ). Antibody to EBV VCA IgM was elevated at the time of referral in 5 of 17 patients tested; the antibody became negative in 3 of 4 patients who were initially positive and were subsequently retested (supplemental data and supplemental Table 1 ). Antibody to EBV VCA IgA was elevated in 8 of 8 patients tested with a conventional immunofluorescence assay; in 6 of 8 patients the titer was Ն 1:256. Of the 5 patients whose blood was tested by real-time PCR for EBV DNA, the median viral load was 320 000 copies per million cells (range, 5700-1.7 million copies per million cells).
Titers of antibodies to early EBV proteins (BMRF1-DNA polymerase processivity factor, BHRF1-bcl-2 homolog, BMLF1transporter of intronless RNAs) were significantly greater (P Ͻ .011) in CAEBV patients than in EBV-seropositive control patients ( Figure 3 ). Antibodies to immediate-early (BZLF1-Z transactivator) and late (BFRF3-p18 capsid, BLRF2-p23 capsid) EBV proteins were greater in CAEBV patients than EBV-seropositive control patients, but the difference did not reach statistical significance. Antibody titers to EBV early antigen (diffuse) were elevated in 10 of 11 patients tested with a conventional immunofluorescence assay; in 7 of 11 patients the titer was Ն 1:5120 (supplemental data). In contrast, EBV titers to latent protein EBNA1 were significantly lower in CAEBV patients than in EBV-seropositive control patients (P ϭ .007). Antibody titers to each of the aforementioned immediate-early, early, and late proteins (except for BLRF2-p23 capsid) were greater in patients with T-cell CAEBV than in patients with B-cell CAEBV. In contrast, antibody to EBNA1 was greater in patients with B-cell CAEBV than in those with T-cell CAEBV. Thus, patients with CAEBV have greater titers of antibodies to certain EBV lytic proteins and lower titers of antibody to EBNA1 than control patients.
A striking feature of our patients was a progressive loss of B cells and hypogammaglobulinemia, even in the absence of rituximab therapy. Forty-two percent developed hypogammaglobulinemia, 43% had low numbers of CD19 cells in the absence of rituximab therapy, 31% had low NK cells, 38% had low CD4 cells, and 44% had low CD8 cells (Table 4 ). Patients with B-cell CAEBV more often had CD19 cell numbers less than normal (56% of B-cell CAEBV patients vs 0% of T-cell CAEBV patients), and the mean percent of CD19 cells in patients with B-cell CAEBV (5.6%) was lower than that for patients with T-cell CAEBV (14.5%). All laboratory data are shown before rituximab therapy given; low IgG and low CD19% were present before cytotoxic chemotherapy was given except for patient 3. *EBV load expressed as dilution of peripheral blood lymphocytes in which EBV PCR is positive (patients 8-11) or EBV copies per 10 6 genomes from PBMCs (patients 12-16) or EBV copies per g of DNA (patients [17] [18] [19] . The lower limit of detection was 10 EBV copies per 10 6 cellular genomes (assay used for patients [12] [13] [14] [15] [16] ) and 4 genomes of EBV per g of DNA (assay used for patients [17] [18] [19] . †Estimated to be ϳ 11 000 copies/mL. ‡Estimated to be ϳ 1200 copies/mL. §Estimated to be ϳ 4400 copies/mL. ¶Estimated to be Ͼ 11 000 copies/mL.
Cytokine levels in patients with CAEBV evaluated at NIH
The mean serum levels of IL-6, IL-10, TNF-␣, and IFN-␥ were significantly greater for patients with CAEBV (B-and T-cell) than control patients, or for patients with B-cell CAEBV than controls (all P Ͻ .006, Figure 4 ). Although serum levels of IL-12 were 2.4-fold greater in patients with CAEBV (B-and T-cell) than controls, and 3.3-fold greater in patients with B-cell CAEBV than control patients, the results did not reach statistical significance. Similarly, levels of GM-CSF were 1.3-fold greater in patients with CAEBV (B-and T-cell) than control patients and 1.8-fold greater in patients with B-cell CAEBV than control patients, but the results did not reach statistical significance. In contrast, levels of IL-5 were similar in those with CAEBV as in control patients.
Response to treatment in patients with CAEBV
Patients were treated with a variety of agents (Table 5) , including antiviral therapy with acyclovir or valacyclovir (63%), intravenous IgG (42%), IFN-␣ (32%), or other IFNs (11%) without improvement. Several patients were treated with immunosuppressive therapy, including corticosteroids (79%), cyclosporine (26%), or For personal use only. on April 27, 2017. by guest www.bloodjournal.org azathioprine (21%). Although immunosuppressive therapy transiently relieved symptoms in most patients, it did not provide a lasting effect in any patient. Five patients (26%) received rituximab alone or as part of their chemotherapeutic regimen; in 3 (patients 12, 13, 16), CD20-negative lymphoproliferative lesions developed after rituximab therapy. Twelve patients (63%) received cytotoxic chemotherapy, resulting in transient or no response. 3 patients (16%) received autologous EBV-specific CTLs 21 before HSCT and one in the absence of transplantation; these patients either had no response (patients 12, 17, and 19; Figure 5A -B) or a transient response (patient 14). Patient 14 had widespread lymphadenopathy; a biopsy showed an EBV B-cell lymphoproliferative disorder, and her EBV DNA was 953 copies/g in peripheral blood before her first infusion of EBV-specific CTLs. After the infusion, her viral load remained elevated, but her lymphadenopathy partially diminished. When her lymphadenopathy increased and a biopsy showed progressive disease with features of polymorphic B-cell lymphoma 2 years later, she received 2 infusions of LMP1/2-specific CTLs, but her disease did not respond to treatment. She is currently being considered for HSCT. Other treatments included plasmapheresis (1 patient) and the combination of bortezomib and ganciclovir in an attempt to induce EBV lytic replication and killing of replicating cells (1 patient); these were ineffective. Although some of these treatments, particularly immunosuppressive therapy, rituximab, cytotoxic chemotherapy, and autologous virus-specific CTLs, resulted in transient improvement, none had a lasting effect.
HSCT for CAEBV
Although patients were first seen in 1982 and various therapies were tried, HSCT was not begun in our patients until 1999. Most of the patients who underwent HSCT, like those who did not receive this therapy, had active disease involving vital organs (lung, CNS, BM transplantation; the EBV DNA decreased and it has remained undetectable. Five patients are still alive 2-11 years after transplantation. Of these 5 patients, 2 (patients 9 and 15) were persistently EBV PCR Ϫ after undergoing transplantation (one of whom received donor derived EBV-specific CTLs after transplantation). Patient 12 was initially EBV PCR Ϫ after transplantation, transiently became positive, and is negative now 6 years after transplantation. Patient 17 has had low positive-to-negative PCR results, received EBVspecific CTLs after transplantation, and is now 5.5 years posttransplantation. Patient 19, who was initially negative after transplantation, received EBV-specific CTLs when the blood EBV PCR results came back positive and currently is EBV PCR Ϫ 2 years after transplantation. Of the 5 patients who are alive after HSCT, 4 received CTLs either before or after transplantation; of the 3 who died after HSCT, only 1 received CTLs.
Three patients died after transplantation. Patient 13 died of multiorgan failure, had a single-negative EBV PCR near the time of death, and at autopsy had primarily necrotic lymphoma. Patient 16 remained EBV PCR ϩ and died of refractory EBV B-cell lymphoma. Patient 18 who received a syngeneic transplantation remained PCR ϩ after transplantation despite receipt of donor EBV-specific CTLs after transplantation, and died 4 years later of recurrent T-cell lymphoma.
In summary, 5 of 8 patients who underwent HSCT survived, and the other 3 patients died with EBV-positive lymphomas (of B-or T-cell lineage). Three of the 4 patients who underwent HSCT with myeloablative pretransplantation conditioning are alive, and 1 died of progressive EBV-positive lymphoma. Two of the 3 patients who underwent nonmyeloablative HSCT survived, whereas one died with central pontine myelinolysis. One patient received 2 transplantations, the first with nonmyeloablative and the second with myeloablative conditioning; he died with refractory EBV-positive B-cell lymphoma.
Discussion
We have reviewed our 28-year experience with CAEBV and report that patients in the United States have several important differences from previously reported cases in Japan and South or Central America. Nearly all of the patients in the literature with CAEBV have been in Asians from Japan, Taiwan, or Korea, or native Americans from Mexico, Central or South America. 2, [4] [5] [6] 23 In contrast, 68% (13/19) of patients in our study were white or African Americans. In the largest review of patients with CAEBV, which included 82 patients from Japan, the mean age at disease onset was 11 years, 5 whereas the mean age at presentation in our study was 19 years. Kimura et al 5 reported that older age (Ն 8 years) at onset of disease correlated with a poor prognosis for survival. Signs and symptoms for CAEBV in Japan and in the United States were similar, although interstitial pneumonitis, CNS disease, and peripheral neuropathy were more common in US patients, whereas hypersensitivity to mosquito bites (a finding usually associated with NK cell CAEBV) were more commonly reported in Japan.
Antibody titers to several EBV lytic proteins were greater in patients with CAEBV compared with control patients. The increase in antibody titers to EBV lytic proteins in patients with CAEBV disease compared with EBV-seropositive control patients is probably because of the uncontrolled proliferation of EBV-infected cells with expression of viral lytic proteins and subsequent production of antibody to these proteins. This is likely because of a cellular immune disorder with failure to regulate EBV latently infected lymphocytes. Although the authors of other studies have reported markedly high titers to EBV viral capsid antigen, early antigen-diffuse and early antigen-restricted in approximately twothirds of patients with CAEBV, 1,2 we identified the individual viral proteins that were the target of these antibodies in T-cell and B-cell CAEBV. Furthermore, we found that patients with T-cell CAEBV have greater antibody titers to lytic proteins than those with B-cell CAEBV. Antibody to the EBNA1 latency protein has been reported to be lacking in approximately 20% of patients with CAEBV 2,5 ; 33% (4/12) of our patients lacked antibody to EBNA1, and patients with B-cell CAEBV had greater levels of EBNA1 antibody than those with T-cell CAEBV. Although patients with CAEBV have high titers of antibodies to EBV, which might neutralize cell-free virus, CAEBV disease is because of proliferation of EBV latently infected lymphocytes. Cellular immunity, not antibody, is important in controlling proliferating virus-infected lymphocytes, as evidenced by the effectiveness of infusions of EBV-specific CTLs to treat PTLD in transplantation recipients. 22 Low B-cell numbers have not been reported previously in CAEBV patients. We found that 43% had low levels of B cells in the absence of rituximab, and 42% of our patients developed hypogammaglobulinemia during the course of their disease.
Plasma levels of several cytokines, including IL-1␤, IL-10, and IFN-␥, were reported to be elevated in persons with T-cell or NK-cell CAEBV; IL-13 was elevated in patients with NK-cell CAEBV. 23 Transcripts for IL-1␤, IL-2, IL-10, IL-12p35, IL-13, IL-15, IFN-␥, and TNF-␣ were also observed to be elevated in PBMCs from patients with CAEBV. 23, 24 We found that both Th1 (TNF-␣, and IFN-␥) and Th2 (IL-6, IL-10) cytokines were significantly elevated in the serum of our patients with B-cell CAEBV compared with control patients. This finding is indicative of the "unbalanced cytokine profile" that has been reported previously in these patients. 24 Elevated levels of each of these cytokines has been reported in the serum of patients with hemophagocytosis, which is common in CAEBV disease.
Approximately 33% of our patients had low NK-cell numbers. In a study of 81 patients with CAEBV in Japan, none was reported to have low NK-cell numbers, and 19% (15/81) had elevated NK-cell numbers. 5 One patient in our study (patient 16) had reduced NK-cell activity, despite a normal number of NK cells. Reduced NK-cell activity has been reported in 8 of 9 patients with CAEBV from Japan 25 and in 2 patients from Canada. 10 Most Asians or Native Americans reported with CAEBV have EBV involving T cells or NK cells. In a review of patients with CAEBV in Japan, 54% of patients had EBV in T cells, 39% in NK cells, 4% in T and NK cells, and 3% in B cells. 5 In our patients in whom tissue was available, 73% had EBV in B cells and 20% in T cells in tissues. Four of the 11 patients with EBV in B cells had prominent T-cell infiltrates in their tissues and in some cases the T cells were clonal. A similar clonal T-cell expansion in response to EBV-infected B cells has been reported in infectious mononucleosis. 26 Kimura et al 2, 5 have shown that T-cell CAEBV has a poorer prognosis than NK-cell CAEBV. The probability of survival at 5 years after disease onset was 0.59 for patients with T-cell CAEBV and 0.87 for those with NK-cell CAEBV. In our study, at 5 years after the onset of disease, 66% of patients with T-cell CAEBV were alive and 73% of those with B-cell CAEBV were alive. Overall, however, 66% of the patients with T-cell CAEBV died and 64% of those with B-cell CAEBV died. Patients with CAEBV received several therapies before HSCT, including antiviral agents (acyclovir and valacyclovir). Acyclovir acts by inhibiting the viral DNA polymerase, which is expressed during EBV lytic, but not latent gene expression. Although there have been anecdotal reports that acyclovir may have activity in some cases, 7 the observation that EBV-infected cells from patients with CAEBV have a type 2 or 3 latency pattern without lytic gene expression 11, 23, 27 is consistent with the lack of response to antiviral therapy that we and most others have observed. Similarly, although anecdotal reports suggest that CAEBV may respond to immunomodulatory agents (eg, IFN-␣, 28 IL-2 29 ), we and others have found these agents to be ineffective. Immunosuppressive agents (eg, corticosteroids, cyclosporine) have been effective in the treatment of EBV-associated hemophagocytosis, 30 which was seen in 32% of our patients and was reported in 24% of patients in Japan 5 ; however, these agents did not result in long-term remissions in our patients. Rituximab has been effective in some cases of X-linked lymphoproliferative disease and was temporarily effective in several patients with B-cell CAEBV; however, in most of our patients EBV was found in both CD20 ϩ and CD20 Ϫ B cells in the initial lesions, and after treatment with rituximab several patients had lesions that were EBV-positive solely in CD20 Ϫ B cells. Cytotoxic chemotherapy has been effective for treatment of B-cell lymphomas in patients without CAEBV; however, combination chemotherapy (including EPOCH [etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin] with rituximab), bortezomib, and the combination of bortezomib and ganciclovir were ineffective in our patients ( Table 5) .
Transfer of autologous EBV-specific CTLs or HLA-identical EBV-specific CTLs from an HLA-identical sibling have been used to treat CAEBV. A transient decrease in EBV DNA in blood in a patient with CAEBV was reported with EBV-specific CTLs. 31 In patients with a milder form of EBV-associated disease, defined as Ն 6 months of symptoms (usually fever and fatigue) and either elevated EBV DNA in the blood, free EBV DNA in serum/ cerebrospinal fluid, or EBV VCA antibody titer Ͼ 1:640, autologous EBV-specific CTLs resulted in improvement of symptoms. 32 However, these patients had milder disease than that seen with CAEBV and did not have biopsy-proven evidence of tissue infiltration with EBV-positive lymphocytes. Four patients in our study (patients 12, 14, 17, and 19) received autologous EBVspecific CTLs. Patients 12, 17, and 19 did not respond to treatment; patient 14 had a transient response after receiving 3 courses of CTLs. All 4 patients eventually relapsed and 3 underwent allogeneic HSCT. The lack of long-term benefit from infusions of autologous EBV-specific T cells is likely because of impaired function of the patient's CTLs. In contrast, infusions of virusspecific T cells after transplantation from donors that are able to control EBV infection have been shown to be useful in prevention or treatment of EBV lymphoproliferative disease after transplantation. 22 In a review of 101 HSCT recipients given EBV-specific CTLs either prophylactically after high-risk transplantations (eg, transplantations from matched unrelated donors with CD8 T-cell depletion or transplantations for EBV lymphoma) none of the patients developed PTLD. 22 In the same review 11 of 13 HSCT recipients given EBV-specific CTLs for EBV PTLD or increasing levels of EBV DNA in the blood and symptoms consistent with EBV PTLD had sustained long-term remissions. Thus, in patients with CAEBV disease who may not have fully engrafted and who have moderate or high levels of EBV DNA in the blood after transplantation, infusions of donor-derived EBV-specific T cells may be effective.
Fifty-six individual cases of CAEBV treated with allogeneic HSCT from Japan 12,14,33-47 and 1 case from the Netherlands 48 have been reported in the literature (Table 7) . Forty-six percent (26/57) were T cell in origin, 42% (24/57) were NK cell, 5% (3/57) were NK/T, and 7% (4/57) were of undetermined origin; none were B cell in origin. In contrast, of the 8 CAEBV patients who underwent HSCT in this report, 5 were B-cell CAEBV, 2 were T-cell, and 1 was NK-cell. Of the 57 patients in the literature, 25 (44%) received HSCT from related donors, 20 (35%) from matched unrelated donors, 7 (12%) underwent cord blood transplantations, 1 underwent an allogeneic-related transplantation followed by unrelated cord blood, 1 underwent an autologous transplantation followed by unrelated cord blood, and 3 were reported only to receive peripheral blood CD34 ϩ cells. In our series, 4 received sibling donor, nonmyeloablative transplantation (1 was followed by an unrelated donor nonmyeloablative transplantation), 3 underwent unrelated donor myeloablative transplantation, and 1 underwent transplantation from his identical twin donor.
Seventy-two percent (41/57) of CAEBV patients who underwent HSCT in the literature survived after transplantation, whereas 63% (5/8) of our patients survived. Of the patients reported in the literature that were transplanted who died versus those who survived, there was no difference in the frequency of T-cell or NK-cell disease; however, survivors presented at an earlier age (mean, 14.4 years vs 21.2 years), had a shorter duration of disease before transplantation (3.5 years vs 6.5 years), and were more likely to have undergone nonmyeloablative transplantations (69% vs 38%) than myeloablative transplantations. Deaths reported in the literature and in our study were primarily because of progressive disease, relapsed disease, or transplantation-related complications. All but one of our patients whom we have followed for more than 5 years and who did not receive an allogeneic HSCT died from complications related to CAEBV.
In conclusion, CAEBV in the United States is most often because of uncontrolled EBV infection in B cells, and many of these patients have a progressive loss of B cells and hypogammaglobulinemia. Antiviral therapy is usually ineffective; although patients may have a temporary response to rituximab, immunosuppressive therapy, cytotoxic chemotherapy, autologous CTLs, or syngeneic HSCT, these treatments are not curative, and most patients succumb to their disease. Allogeneic HSCT is often curative for CAEBV disease. Both myeloablative and nonmyeloablative conditioning regimens have been successful even with progressive CAEBV disease at the time of transplantation. Unfortunately, death from progressive CAEBV disease remains the primary cause of failure after transplantation. Therefore, allogeneic HSCT should be considered early in the course of the disease when the patient is better able to tolerate transplantation.
Note added in proof. Patient 14 has recently undergone allogeneic HSCT.
